To investigate changes in the major components of atherosclerotic lesions during the progression of this disease, we measured the lesional areas of macrophages, smooth muscle cells, collagen fibers, and extracellular lipid deposits in the aortas of WHHL rabbits. Aortic segments with lesions of various stages were stained for histological and immunohistochemical examination, and the area of each lesional component was measured by a color image analyzer.
In the early fatty streaks observed in 3-month-old rabbits, macrophages were predominant in the intima and were also observed in the inner layer of the media. In the transitional lesions (fibro-fatty streaks) found in rabbits at 11 to 15 months of age, an increase in the lesional area of macrophages was prominent compared to other lesional components.
Thus, macrophages may play an important role in the progression of aortic atherosclerosis at this stage.
In advanced complicated lesions observed in rabbits at 20 to 24 months of age, the area of macrophages and smooth muscle cells did not increase, whereas the area of collagen fibers and extracellular lipid deposits increased.
Therefore, both the disruption of foam cells and fibrosis may play an important role in the progression of atherosclerosis at this stage. J Atheroscler Thromb, 1994 ; 1: 45-52.
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The response-to-injury hypothesis of atherogenesis was proposed by Ross and Glomset in 1976 (1) , and was revised by Ross in 1986 (2) . The revised hypothesis proposed that both the type of lesion and its components changed as atherosclerosis progressed.
It is well known that atherosclerotic lesions consist of macrophages, smooth muscle cells, and lymphocytes as well as an extracellular matrix composed of collagen, elastin, fibrin, calcium, and lipid deposits.
These components are seen in WHHL rabbits (3) (4) (5) (6) (7) , a genetic animal model of patients with familial hypercholesterolemia (8, 9) , and various cholesterol-fed animal models, including nonhuman primates (10) (11) (12) , swine (13, 14) , rabbits (15) (16) (17) (18) , rats (19) and pigeons (20, 21) . However, no quantitative examination has yet been made of the changes in each major component of atherosclerotic lesions with progression of the disease, although quantitative analysis is needed to clarify the development of atherosclerosis.
This study investigated the changes of the major components of atherosclerotic lesions during progression from the early to advanced stage. We measured the areas of the major components (i.e., macrophages, smooth muscle cells, collagen fibers, and extracellular lipid deposits) found in atherosclerotic lesions in the aortas of WHHL rabbits, and examined the relationship between the changes in these components and the progression of atherosclerosis. The severity of atherosclerosis decreased towards the distal portion of the aorta. The percent lesional area was significantly higher in middle-aged rabbits than in young rabbits for all parts of the aorta, except the distal abdominal aorta.
The average intimal thickness was also greatestin the aortic arch and was least in the distal abdominal aorta (Fig. 2) . Intimal thickness increased significantly with age in the aortic arch, distal thoracic aorta, and proximal abdominal aorta (p< 0.05 or p< 0.01).
Histological findings Fig. 3 shows the histological and immunohistochemical findings of early, transitional and advanced atherosclerotic lesions.
In early lesions (Figs. 3A-C), macrophages occupied almost the entire lesion and occasionally formed multiple layers of cells. In some cases, macrophages had already infiltrated the media and been transformed into foam cells even though there was no fragmentation of the internal elastic lamina. In such cases, smooth muscle cells around the foam cells in the media appeared to be oriented towards the intima. A few smooth muscle cells and some collagen fibers were observed at the base of the lesion and among the layers of macrophages. Extracellular lipid deposits were not observed.
In transitional lesions (Figs. 3D-F), numerous foam cells derived from macrophages were observed beneath the fibrous cap. Prominent foam cells were found to have accumulated in the media in the vicinity of the intimal lesions and smooth muscle cells were observed in the fibrous cap. In the media, the degree of staining with HHF35 (directed against smooth muscle cells) was reduced.
Numerous collagen fibers were frequently observed in the upper and middle layers of the intimal lesions, while extracellular lipid deposits were observed in (Fig. 3D) , 2) these foam cells fracture the internal elastic lamina and are then disrupted themselves, and 3) atheroma is formed and fibrosis occurs (Figs. 3G-I). Spagnoli et al. examined the effect of aging on atherogenesis (30). They compared atherosclerotic lesions induced by low-dose cholesterol feeding for 18 months in rabbits aged 4 months and rabbits aged 46 months, and found that young rabbits developed fatty streak lesions and older rabbits developed fibroatheromatous plaques despite having similar lipid levels. Therefore, the increase of fibrosis in the atherosclerotic lesions of WHHL rabbits over 20 months old may be related to aging . Serum cholesterol levels decreased from about 500 mg/di at 12 months of age to about 350 mg/di at over 20 months of age in our WHHL rabbits. A decrease of the serum cholesterol level with aging suggests that the amount of lipoprotein entering the aortic wall should also decrease , and this should suppress the proliferation of macrophages and smooth muscle cells in atherosclerotic lesions. These results suggest that both the disruption of foam cells and fibrosis may play an important role in the progression of atherosclerosis from a transitional lesion to an advanced lesion.
Age' et al. According to their studies, fibro-fatty lesions are composed almost exclusively of macrophages and have few smooth muscle cells , while advanced plaques are characterized by complex layers of macrophages and smooth muscle cells. Therefore, the cellular composition of aortic atherosclerosis in WHHL rabbits appears to be similar to that of human atherosclerosis.
In conclusion, this study showed that measurement of major lesional components using a color image analyzer is a feasible method of evaluating atherosclerotic lesions. This study also suggested that macrophages play an important role in atherogenesis and in the progression of lesions, and that the role of macrophages is more important than that of smooth muscle cells in the progression of aortic atherosclerosis. 
